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further experiments indicate that the phenotypes in Fst−/− tongue
result from loss of FST-mediated antagonism of a BMP7 positive
autoregulatory loop in lingual epithelium. Incorporation of these
findings with information about other molecular interactions within
the epithelium leads us to propose a model inwhichWnt and Shh serve
as an activator/inhibitor pair to pattern taste papillae along the tongue
dorsum through diffusion-driven instability, and the FST-BMP7 loop
functions to suppress spatial noise within this circuit. Computational
experiments lend support to such a model.
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The Cdx genes encode homeodomain transcription factors related
to caudal in Drosophila. The three mouse homologues, Cdx1, Cdx2
and Cdx4, are essential for proper vertebral anterior–posterior
patterning in all vertebrate model systems examined to date. Cdx1
and Cdx2 (but not Cdx4) are also expressed in the intestinal
epithelium during development and expression persists throughout
the lifespan of the mouse. Cdx1 null mice exhibit homeotic
transformations of the axial skeleton, but no phenotype of the
intestine has been described. Cdx2 null mice die at embryonic day
3.5 (E3.5) due to a failure of implantation and preventing assessment
of the null phenotype at later stages. Cdx2 heterozygous mice display
vertebral homeoses and occasional polyps in the colon and small
intestine. Areas of metaplasia within these lesions exhibit an
esophageal-like keratinized epithelium, suggestive of a transforma-
tion of the intestinal epithelium to a more anterior (stomach)
character, and supporting a critical role for Cdx2 in the patterning of
the intestinal endoderm. To more fully address the role of Cdx2 in the
intestine, we are using a tamoxifen-inducible villin-Cre transgenic,
which is expressed in the definitive intestinal endoderm commen-
cing at E9.5 to inactivate a floxed Cdx2 allele, thus circumventing the
early lethality inherent to Cdx2 null embryos. Results from this
conditional mutant are consistent with a role for Cdx2 in patterning
the small intestine.
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Limited knowledge of the molecular mechanisms that regulate
endocrine b-cell differentiation in the pancreas of has thus far precluded
the development of a viable, cell-based therapy for diabetes mellitus. A
key unanswered question is howmultipotential pancreatic progenitors
become specified to adopt an endocrine or an exocrine fate. By com-
bining genetic lineage tracing, loss of function, and misexpression
experiments in mice, we demonstrate that reciprocal repression
between the transcription factors Nkx6.1 and Ptf1a patterns the
undifferentiated pancreatic progenitor epithelium into a pre-endocrine
and pre-exocrine domain. Our data shows that Nkx6.1 establishes a pre-
endocrine domain by directly repressing the exocrine fate determinant
Ptf1a. Compared to wild type embryos, Nkx6.1 mutants display an
expansion of the pre-exocrine domain, as marked by Ptf1a, as well as a
loss of endocrine cells. Furthermore, constitutive and heritable expres-
sion of Nkx6.1 in multipotential progenitors is sufficient to block
exocrine differentiation and directs progenitors into an endocrine fate.
Conversely, misexpression of Ptf1a in pancreatic progenitors suppresses
Nkx6.1 expression and prevents endocrine cell differentiation. Overall,
these results suggest that pancreatic endocrine and exocrine cell fate are
established in undifferentiated, multipotential progenitors by a cross-
inhibitory loop between Nkx6.1 and Ptf1a.
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The intervertebral disk (IVD) is composed primarily of two parts:
an outer annulus fibrosus, composed mainly of collagen and an inner
gel-like nucleus pulposus. We have shown that the nucleus pulposus
is derived from the embryonic notochord in mice. Herniation of the
nucleus pulposus results in back pain. Though this affects millions of
people, there are few effective treatments for chronic back pain.
Insight into the mechanisms of IVD development and degeneration
could lead to better treatment of back pain. The forkhead box (Fox)
family of transcription factors is required both for embryonic deve-
lopment and post-natal life. The Foxa1 and Foxa2 genes are expressed
in the endoderm, notochord, and floorplate of the developing
embryo. Their roles have been extensively characterized in endoder-
mally-derived organs, but relatively little is known about their role in
the notochord; a Foxa2 null mouse dies in utero lacking this structure.
The Foxa1 null allele and a Foxa2 conditional allele under the control
of various Cre recombinases have been used to study the develop-
ment of the lung and liver. Using these alleles with a tamoxifen-
inducible Sonic hedgehog (Shh) Cre recombinase, we are examining
the role of Foxa genes in the formation of the nucleus pulposus.
Preliminary results in newborn mice null for Foxa1 and lacking Foxa2
in all Shh-expressing cells have a severely deformed nucleus
pulposus. Further study of the role of Fox genes in the formation of
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